The 1JleaSltrement of the squared reciprocal of the cardiac pre-ejection period ( = pi pz' index) was used to assess cardiac performance in severe tetanus with sympathetic overactivity.
INTRODUCTION
The management of severe tetanus is difficult. A number of authors (Lassen et al. 1954 , Adams et al. 1966 , Ablett 1967 , Prys-Roberts and Greenbaum 1967 , have remarked on the cardiovascular lability and Kerr et al. (1967 Kerr et al. ( , 1968 suggested that sympathetic nervous system overactivity might be responsible for this. The resultant variability in response to therapy presents management problems and is a major factor in the mortality of this still prevalent disease.
The cardiac pre-ejection period expressed as the squared reciprocal of the pre-ejection period (PE1pz)' is a cardiac inotropic index. Reitan and his colleagues (1970, 1972) and Weaver (1971) have described its use. Reitan et al. (1970) pointed out that P~P2 (Seconds-2 ), correlates well with peak ascending aortic blood flow acceleration, which is considered one of the most sensitive indicators of cardiac inotropic state.
During January and February 1974, two patients with severe tetanus with sympathetic nervous system overactivity were managed in the Royal Newcastle Hospital Acute Respiratory Unit. As well as the standard respiratory care techniques and investigations, the P~P2 index was measmed as an index of the degree of sympathetic overactivity and as a guide to its therapy.
;\IETHOD
The measurement of P~P2 is a relatively non-invasive technique and requires only the simultaneous recording of the electrocardiogram (ECG), phonocardiogram and a peripheral arterial waveform.
A Fukuda Electro Co. (Tokyo) RS200S was used for simultaneous recording of the ECG and Phonocardiogram. Standard lead I or II was used for the ECG. The phonocardiogram microphone (Fukuda type Pi\! 1538) was placed on the praecordium and positioned for best pickup of the second heart sound. Extension earphones were used during the manoeuvre.
When the microphone was satisfactorily placed, the ventilator was switched off in expiration to avoid interference by breath sounds. The recording was usually completed within a period of 15 seconds. Some facility was required in doing this, because repeated attempts at recording in too short a time subject the patient to the significant stress of recurrent apnoea.
It is the usual practice in our unit to use the femoral artery for the placement of a long-term arterial line. (The hrachial arterv is used for short-term arterial monitoring.]' A .\licron Instruments MP] 5 transducer was connected via a Sorenson Research Co. "lntraflow" continuous flush system and Portex three-way tap to an Arteriocath<{ (" Grandjean ") arterial catheter inserted using the Seldinger technique. Grandjean catheters have been found to be most satisfactory and have been left in the femoral artery for 'periods in excess of one week without untoward effects. The display was on a Teletronics D(i02 monitor, with digital readout. The monitor was connected to a Telectronics writer. Readings were made to the nearest ;) msec. and so a paper speed of ] 00 mm per second was satisfactory. A ilO Hz waveform allowed easy checking of the paper speed. The cardiac electromechanical time (£'\IT) is measured from the beginning of the Q wave of 1974 the ECG to the beginning of the second heart sound (Reitan et al. 1972 ). The left ventricular ejection time (L VET) is measured from the arterial waveform. Using the femoral waveform, the L VET is taken as the time from the beginning of the upstroke of the femoral wave to the point where the waveform rapidly diverges from the extrapolated downstroke of the wave. The pre-ejection period is thus E:\IT minus L VET. This is averaged over ten cardiac cycles, converted to seconds and the squared reciprocal calculated.
CLINICAL USE AND RESULTS The patients were a 62-year-old man (G.c.), and a 76-year-old woman (V.W.). Their overall course is illustrated in Tables 1 and 2 respectively. The Tables show the results of P~P2 calculations and either a range of pulse and blood-pressure readings on a given day or the pulse and blood pressure at the time the P~P2 was done. Significant events are also noted in the comment column. Chlorpromazine was used to treat episodes of sympathetic ovelactivity and P~P2 index as well as changes in pulse, blood pressure and central venous pr('ssure were used as guirles to the dose of chle,rpromazine. Chlorpromazine was chosen for its sedation, central effect on sympathetic activity and for its alpha adrenergic blocking effect. A central venous catheter was used to monitor venous pressure as a guide to fluid administration when vasodilatation was achieved with the chlorpromazine. Volume expansion was effected with Macrodex six per cent in saline and electro-lyte solution. Macrodex was chosen for its duration of action as a plasma expander and also for its rheological effect. Because of the excretion of the Macrodex, an infusion of the solution was given daily for up to four days. No untoward effects were noted from its usage. 
· .
Chlorpromazine Table 3 illustrates the response to chlorpromazine during an episode of heightened sympathetic activity in patient G.c. Blood pressure was initially very high but was satisfactorily controlled. The P~P2 index fell from 307 sec-2 to 213 sec-2 • Chlorpromazine was initially administered as intravenous boluses until the desired response was achieyed; thereafter it was administered bv infusion. Total doses used ranged up to 360 rr;g/day. PEP' Table 4 records the results of treatment during a peliod of marked sympathetic overactivity. The response to increased chlorpromazine is shown with lowering of blood pressure, reduction in the tachycardia and a reduction in the P~P2 from 1111 Sec-2 to Anaesthesia and Intensive Care, Vol. If, No . . 3. August, 1974 3i. Sec-z. Peripheral perfusion which was very poor during sympathetic storms was dramatically improved with the chlorpromazine.
The second patient (V.W.) was treated with the same regime but earlier because of her age. Table 5 is an example of the use of chlorpromazine and fluid administration (induding :\lacrodex six per cent in Saline) in this lady. Of particular note is the reduction in tachycardia. As can be seen from Table 2 , this patient's overall course was Vf~ry complex.
DISCUSSION
~on-invasive monitoring is becoming a more practical proposition (Editorial 19i2) . It attempts to analyse the functions of the interior of the patient by detecting externally the manifestations of energy transformation. Invasive monitoring undoubtedly provides considerable valuable information, but not WIthout a significant incidence of morbidity and even mortalitv.
~
The determination of the P]~P2 index allows early warning of changes in cardiac inotropy and is thus a valuahle additional parameter. Though the technique can he made totally non-invasive by using a force transducer on a peripheral artery such as the external carotid (which requires a very still patient), the ccmmon usage of arterial lines for monitoring makes the technique no more invasive than current practice.
A number of authors (Toothill et al. 19iO, Kerr et al. 1968) have determined urinary catecholamine metabolite concentrations in tetanus in an attempt to monitor the cardiovascular instability, but the correlation has overall been unsatisfactory, since urine samples were collected over prolonged periods. For this reason Keilty (HltiS) and his associates tried a more direct assessment by measuring plasma catecholamine levels, and they showed these to be grossly elevated periodically. However, this work is difficult to interpret because supportive therapy can interfere with catecholamine Ilwtabolism and assay. Additionally, the time taken to do the assa vs renders the into! mation largely historical.
. On this background we felt that to be abie to assess cardiac performance would provide rapid and vital information. The P~P2 index may be measured intermittently or repeatedly in labile situations. The particular advantage is that this sensitive index is a bedside technique.
A perusal of the literature in which P~P2 was determined showed that usually an artery such as the radial or brachial was used; however, these measurements were done over short periods of time. These arteries normally show a good dicrotic notch in the waveform recorded from them. Since we would be using a femoral arterial line for many days, we felt it justified to assess the use of the femoral waveform, where the dicrotic notch is less distinct, and compare it to the brachial waveform. The results were similar, and thus we did not have to deviate from our normal long-term monitoring technique.
The real value of P~P2 in the variable situation is the indication of the direction of trend and the patient is used as his own control (Martin et al. 1971) .
The PaC0 2 will influen:e inotropy and so the 1 . d f PEP2 111 ex. It is there ore desirable to have the PaC0 2 as near to normal as possible when readings are taken. In our patients the PaC0 2 values were in the ranges 38-41 mm Hg and 34-39 mm Hg respectively during recordings.
The index allowed drug dosage to be better titrated to needs at a given time, and also allowed u" to demonstrate the degre(~ of efficiency of the chlorpromazine in reducing the heightened levels of cmdiac inotropy. This assisted in deciding against the use of beta hlockade in our first patient (G.c.) whose sympathetic storms were severe. The fact remains though, that had it been felt necessary to use beta blockade, we had a very valuable index with which to monitor its effect. It should be noted that the level to which heightened cardiac inotropy can be lowered by chlorpromazine is limited by the degree to which one would allow blood pressure to fall.
Of particular interest is the fact that we have been able to document with a relatively noninvasive technique the remarkable degree of sympathetic overactivity to which a patient with tetanus can be subjected.
Finally, the technique has lent itself well to monitoring of the cardiac performance in other conditions (such as cardiogenic shock in our unit) and its role in the assessment of response to drugs such as catecholamines, is obvious.
We feel that the measurement of the P~P2 index deserves a place in the management of the critically ill in Intensive Care Units.
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